Every cell's genome contains two main classes of functional DNA. The best understood type of DNA sequence, which was also the first to be discovered, is that which encodes RNA and protein products via the near-universal "genetic code" (1). A more mysterious but equally important class of functional DNA is cisregulatory sequence, which does not have a physical product but, instead, encodes the conditions under which a particular RNA will be produced. Cis-regulatory DNA sequences are the primary (although not the only) determinant of gene expression: Not only the rate of RNA production but also the timing, spatial patterning, and environmental control of every gene's activity are largely controlled by these DNA sequences, which are usually in the general vicinity of the gene they regulate. These DNA segments (often called enhancers) have no enzymatic activity on their own, but act as scaffolds for large complexes of proteins and RNAs that directly control the activity of a gene's promoter, sometimes over distances of 1 million base pairs or more (2). Transcription factors (TFs), key protein regulators of gene expression, bind DNA in a sequence-specific manner, which means that the nature of the complex assembled at a given enhancer at a given time depends on its DNA sequence (cis information), in conjunction with the set of TFs present and active in the cell at that time (trans information). The chromatin state of regulatory DNA is also a very important factor, but local chromatin states are also specified, indirectly, by DNA sequence, because most chromatin-modifying enzymes are recruited to the genome by sequence-specific factors (3).
In part, the DNA sequence of an enhancer encodes a pattern of gene expression through the combinations of sequence-specific regulators that bind to it (and the non-DNA-binding factors they recruit, in turn). However, cis-regulatory DNA sequences do more than merely determine which combinations of TFs will be recruited to an enhancer. The linear arrangement of binding sites (sometimes called "grammar" or "syntax") can play an important role in controlling enhancer output, especially by setting thresholds for gene activation (4-7). In addition, the affinity with which a TF binds to its DNA site, which is controlled, in part, by the particular sequence of that binding motif, is increasingly recognized as a crucial factor in both the quantitative and qualitative control of gene expression (8) (9) (10) (11) (12) (13) (14) (15) (16) . In PNAS, Farley et al. (17) investigate how the binding affinity and the spatial arrangement of TF binding sites within enhancers interact to encode precise patterns of gene expression in developing embryos.
The authors of this study build on the results of their recently published high-throughput screen (14) in which hundreds of thousands of short DNA sequences were tested for enhancer activity in transfected Ciona embryos. The library of tested DNAs were all variants of Otx-a, a 69-bp neural enhancer of the Ciona Otx gene (18) , in which the 4-bp cores of five binding sites for GATA and ETS transcription factors were preserved but all other base positions were randomized. One synthetic enhancer variant drove strong expression of a GFP reporter gene in the notochord, a tissue that does not normally express Otx. Sequence analysis suggested two likely explanations for the ectopic expression pattern: a new ETS motif with high predicted binding affinity or a new site predicted to bind the transcription factor ZicL. Both ZicL and an ascidian ETS ortholog are expressed in the notochord. (17) conducted gain-of-function and loss-of-function mutational analyses in the context of several enhancers, demonstrating that both ETS and ZicL sites contribute to notochord expression. Further, they find that altering the spacing between ETS and ZicL sites by as little as 1 bp, or reversing the orientation of a single binding site, strongly affects the ability of these sites to activate gene expression. Within the wild-type Otx-a enhancer, certain ETS and GATA sites have relatively poor predicted binding affinity but optimal pairwise spacing, whereas other sites have higher affinity but suboptimal spacing (14) . The discovery of a synthetic Otx-a variant with ectopic notochord activity, and comparisons against other synthetic modules with slightly different compositions, suggest that similar trade-offs can modulate gene expression in the notochord (17) . This observation led Farley et al. (17) to ask an intriguing question: Can we use what we have learned about constraints on TF binding site identity, affinity, and arrangement to find new notochord enhancers in the Ciona genome, using sequence data alone? By first screening for genomic regions containing combinations of ETS and ZicL sites, and then focusing on those clusters with strong binding sites or optimal syntax, Farley et al. (17) identify two new enhancers of the notochord-expressed genes Mnx and Brachyury. Importantly, these tissue-restricted enhancers have either high-affinity ETS/ZicL sites or optimal spacing, but not both: Optimizing both affinity and syntax causes ectopic expression (17) .
It has been suggested that computational methods of enhancer prediction, which often emphasize the highest quality TF binding motifs and/or the strongest biochemical TF binding signals, may fail to capture a large proportion of functional enhancers, namely, enhancers with binding sites of low to moderate affinity (13, 19) . Taking the rules of syntax into account may provide an essential source of information for predicting enhancer outputs (4, 6). However, the importance of syntax/grammar for enhancer function is still debated (5, 6, 20) ; what has been needed is more experimental data. In their new report, Farley et al. (17) propose an interesting idea: Because current methods of enhancer prediction focus on high-affinity TF binding sites, perhaps they are best at identifying those enhancers that are the least subject to constraints on binding site syntax. If true, this approach would tend to paint a biased picture of the constraints that shape enhancer sequences. Now that a more complete view of the relationship between DNA sequence and enhancer function is slowly emerging (Fig. 1) , future predictive methods may be more effective at computing gene expression patterns from genomic DNA sequences. After all, that is a task that cells perform every day, with astonishing reliability and precision.
